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Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to or concurrent with calculation of the filing fees, please amend the claims (as 
earlier amended during the Preliminary Examination Stage and accompanying the Preliminary 
Examination Report) as follows. 



IN THE CLAIMS: 

Applicants have attached to this Amendment documents entitled "Amended Claims" and 
"Marked-Up Copy of Previous Claims". Please replace claims 3 - 4 and 6 with amended claims 
3 - 4 and 6 as shown in the document entitled "Amended Claims". 
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Examination on the merits is awaited. 
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Marked-Up Copy of Previous Claims 3-4 and 6 

3. (Amended) An electrodeposition bath according to Claim 1 [or 2], 
characterised in that, it contains, as a further gloss additive, the compounds 
pentyl sulfonate, hexyl sulfonate, heptyl sulfonate, octyl sulfonate, nonyl sulfonate, decyl 
sulfonate, dodecyl sulfonate, cyclohexyl sulfonate, pentyl sulfate, hexyl sulfate, heptyl 
sulfate, octyl sulfate, nonyl sulfate, decyl sulfate, dodecyl sulfate, cyclohexyl sulfate or 
their isomers. 

4. (Amended) An electrodeposition bath according to Claim 1 [Claims 1 to 3], 
characterised in that, it contains 0.01 to 10 g/1, preferably 0.1 to 5 g/1, of a 
compound of the formula I. 

6. (Amended) A process for the electrodeposition of glossy gold and gold alloy layers, 
characterised in that, deposition takes place from a bath in accordance with 
Claim 1 [Claims 1 to 4] at a pH in the range 3 to 6, preferably 4 to 5. 
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Amended Claims 3-4 and 6 

3. An electrodeposition bath according to Claim ^characterised in 

t h a t , it contains, as a further gloss additive, the compounds pentyl sulfonate, hexyl 
sulfonate, heptyl sulfonate, octyl sulfonate, nonyl sulfonate, decyl sulfonate, dodecyl 
sulfonate, cyclohexyl sulfonate, pentyl sulfate, hexyl sulfate, heptyl sulfate, octyl sulfate, 
nonyl sulfate, decyl sulfate, dodecyl sulfate, cyclohexyl sulfate or their isomers. 

4. An electrodeposition bath according to Claim 1, characterised in 
that, it contains 0.01 to 10 g/1, preferably 0.1 to 5 g/1, of a compound of the formula I. 

6. A process for the electrodeposition of glossy gold and gold alloy layers, 
characterised in that, deposition takes place from a bath in accordance with 
Claim 1 at a pH in the range 3 to 6, preferably 4 to 5. 
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An acjLd_bey^JEc^_^^ 

go Id^aJJtGgL^a&J&zs-^^ ame 

Description: 

The invention provides an acid bath for the 
5 electrodeposition of glossy gold and gold alloy layers and 
a gloss additive for same. 

Electroplating gold baths usually contain gold and 
optionally one or more alloy elements in dissolved form. 

These types of electrolytes are mainly based on gold 
10 cyanide complexes. It is necessary to adjust these 

electrolytes to a weakly to moderately acid pH by using 
inorganic and/or organic acids and buffer salts. 

So that glossy gold or gold alloy layers are deposited 
from such baths, these usually contain specific inorganic 
15 or organic compounds as so-called "gloss additives". 

A typical, very freguently used gloss additive is, as 
described for example in DE 23 55 581, the compound 
pyridine-3-sulf onic acid. 

These types of additive shift or extend the working range 
20 which can be used, that is the range of current densities 
within which a glossy gold coating is deposited, in the 
direction of higher current densities. There again, the 
use of higher current densities enables deposition to 
proceed at a greater rate. 

25 On the other hand, the working range of these types of 
gold baths also depends on the pH of the electrolytes. 
This means that if the pH is higher the working range 
(current density range which can be used) becomes 
narrower, but at the same time the current efficiency, and 

30 thus the rate of deposition, is increased. 
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Therefore, the object of the invention was to optimise the 
working conditions and deposition performance in these 
types of gold baths in such a way that on the one hand a 
maximum current density/working range is produced with the 
5 smallest possible negative effect when the pH is changed 
and on the other hand a maximum current efficiency and 
rate of deposition is achieved. 

Surprisingly, it has now been found that this can be 
achieved if at least one compound of the general formula I 
10 is added as a further gloss additive to these types of 
baths for deposition of glossy gold layers, 

R - SO m -H (I) 

wherein 

m is the number 3 or 4, and 

15 R represents a straight-chain or branched or 

cyclic alkyl group with up to 20 carbon 
atoms and, in the event that m = 4, also an 
aryl or heteroaryl group with up to 10 
carbon atoms, which may be optionally 

2 0 substituted once or several times with 

straight-chain or branched alkyl groups with 
1 to 14 carbon atoms. 

Thus, the invention provides an acid bath for the 
electrodeposition of glossy gold and gold alloy layers 
25 containing gold and optionally one or more alloy elements 
in dissolved form and also at least one organic compound 
as a gloss additive, characterised in that the bath 
contains, as a further gloss additive, at least one 
compound of the general formula 

30 R - SO m -H (I) 

wherein 
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m is the number 3 or 4, and 

R represents a straight-chain or branched or 

cyclic alkyl group with up to 20 carbon 
atoms and, in the event that m = 4, also an 
5 aryl or heteroaryl group with up to 10 

carbon atoms, which may be optionally 
substituted once or several times with 
straight-chain or branched alkyl groups with 
1 to 14 carbon atoms. 

10 Gloss additives in accordance with formula I are chosen 

from the classes consisting of alkyl sulfonates and alkyl, 
aryl or heteroaryl sulfates. In formula I, if m is the 
number 3 or 4 then R represents a straight-chain or 
branched or cyclic alkyl group with up to 20 carbon atoms. 

15 If m is the number 4 than R may also represent an aryl or 
heteroaryl group with up to 10 carbon atoms, wherein these 
may be substituted once or several times with straight- 
chain or branched alkyl groups with 1 to 14 carbon atoms. 

Compounds of the formula I are known per se and are either 
20 commercially available or can easily be prepared by 
standard processes. 

These compounds are sufficiently soluble in water and are 
compatible with the electrodeposition bath. The compounds 
have surfactant properties, wherein the corresponding 
25 effect is reduced when the total number of carbon atoms is 
less than 4 and generally sufficient solubility is no 
longer exhibited when the total number of carbon atoms is 
greater than 20. 

Preferred gloss additives are compounds of the formula I 
30 in which R represents straight-chain or branched or cyclic 
alkyl groups with 5 to 12 carbon atoms and in particular 
for branched alkyl groups with 6 to 10 carbon atoms. 
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Typical gloss additives according to the invention are 



pentyl sulfonate 



pentyl sulfate 



hexyl sulfonate 



hexyl sulfate 



heptyl sulfonate 



heptyl sulfate 



octyl sulfonate 



octyl sulfate 



nonyl sulfonate 



nonyl sulfate 



decyl sulfonate 



decyl sulfate 



dodecyl sulfonate 



dodecyl sulfate 



cyclohexyl sulfonate 



cyclohexyl sulfate 



5; 1C and their isomers. 

These compounds may also be present in the form of their 
:£ salts. 

Branched and short-chain compounds are particularly 
□ suitable due to their low tendency to pronounced foam 

£ 15 production, in particular in processes and plant in which 
jjl severe foam production could cause problems, e.g. in the 

case of air-stirred electrolytes, when processing in 
drums, in plants for high-speed deposition (spray plants) 
and in plants for selective deposition such as e.g. 
20 dipping cells. 

The use of the further gloss additive according to the 
invention in acid baths for the electrodeposition of 
glossy gold and gold alloy layers expediently takes place 
in the concentration range from 0.01 to 10 g/1. Baths 
25 according to the invention which contain the gloss 

additive in accordance with formula I at a concentration 
of 0.1 to 5 g/1 are particularly advantageous. 

Due to the use according to the invention of compounds of 
compounds (sic) of the formula I as a further gloss 
30 additive in electrodeposition gold baths with an otherwise 
conventional composition, the current density/working 
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range which can be used is considerably extended in an 
unexpected manner and at the same time the current 
efficiency and the deposition performance are sometimes 
drastically increased. 

5 To prepare gold baths according to the invention, many 
commonly used and commercially available weakly acidic 
gold baths may be used as the starting composition to 
which a corresponding amount of the compound of the 
formula I is added. The qualitative and quantitative 

10 composition of these types of gold baths is extremely 

well-known to a person skilled in the art from literature 
and from practice and therefore does not require a 
detailed explanation. In every case, these contain gold in 
dissolved form, obtained from gold salts or gold complex 

15 salts, wherein mainly gold cyanide complexes are used. 

Furthermore, the baths may contain alloy elements in the 
form of dissolved salts or complex salts. Furthermore, the 
baths contain inorganic and/or organic acids, 
corresponding salts and optionally buffer and supporting 

20 electrolytes in order to adjust the pH and the 

conductivity. In order to deposit glossy, smooth gold 
layers, organic compounds are generally contained therein, 
these mostly having surfactant properties and acting as a 
gloss-producer. A typical and well-proven gloss-producer 

25 of this type is pyridine-3-sulf onic acid. 

Furthermore, the following compounds and their salts and 
derivatives are also suitable as conventional gloss 
additives : 

nicotinic acid 

30 nicotinamide 

3- ( 3-pyridyl ) -acrylic acid 

3- ( 4-imidazolyl) -acrylic acid 
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3-pyridylhydroxymethanesulf onic acid 
pyridine 

picoline — 

quinolinesulf onic acid 

3-aminopyridine 

2, 3-diaminopyridine 

2, 3-di- (2-pyridyl) -pyrazine 

2- (pyridyl) -4-ethansulf onic acid 

1- (3-sulfopropyl) -pyridinium betaine 

1- (3-sulfopropyl) -isoquinolinium betaine 

Electrodeposition gold baths according to the invention 
typically ■ contain about 

0.1 - 50 g/1 of gold as a gold cyanide complex 

0-50 g/1 of alloy elements such as iron, cobalt, 
nickel, indium, silver, copper, 
cadmium, tin, zinc, bismuth, arsenic, 
antimony as a salt or complex salt 

10- 200 g/1 of citric acid/citrate as a buffer and/or 
supporting electrolyte 



0.1 - 10 g/1 of pyridine-3-sulf onic acid as gloss- 
producer 
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0.1-5 g/1 of a compound of the formula I as a 

further gloss additive according to 
the invention, 

wherein the pH of the bath is adjusted to 3 to 6, 
5 preferably 4 to 5 . 

Use of the gloss additive according to the invention 
produces a number of practical advantages. Thus, under 
otherwise unchanged conditions, the deposition performance 
can be clearly increased. Due to the wider working range, 
10 fine adjustment of the mode of operation is less critical, 
wherein the risk of defective deposition is greatly 
reduced. 

However, a higher pH may also be used with an unchanged 
working range. The deposition performance can also be 
15 increased in this way. 

Alternatively, however, a smaller gold concentration may 
be used while retaining the same deposition performance. 
The advantages associated with this move are the smaller 
losses due to electrolytes being carried over by adhering 
20 to the goods and the smaller amount of capital which is 
tied up. 



Example 1 : 

A working range of up to 3 A/dm 2 is produced with a cell 
25 current of 2 A in a coating cell which contains a 
gold/cobalt electrolyte containing 

10 g/1 of gold in the form of potassium gold(I) 
cyanide 

0.5 g of cobalt as cobalt sulfate 
30 100 g/1 of citric acid 

3 g/1 of pyridine-3-sulf onic acid. 
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adjusted to pH 4.2 with potassium hydroxide, 

(trial conditions: platinised titanium anode, temperature 
50°C, time 2 min, agitated at 500 rpm with a 25 mm _ 
5 magnetic stirring rod) . The current efficiency at 3 A/dm 2 
is 48 %; the rate of deposition is 0.98 urn/mi n. 

By adding 1 g/1 of nonyl sulfate, the maximum current 
density which can be used is increased to more than 
5 A/dm 2 . This corresponds to extending the working range by 
10 more than 66 %. 

If the pH is then raised to 4.4, a working range of up to 
4 A/dm 2 is produced; the deposition performance is 
1.05 pm/min. 

At a pH of 4.6 the working range extends up to 3 A/dm 2 and 
15 a rate of deposition of 1.15 jxm/min is produced. 



Example 2 : 

A maximum current density of 3 A/dm 2 is achieved in a 
gold/nickel electrolyte containing 

20 10 g/1 of gold in the form of potassium gold (I) 

cyanide 

0.7 g of nickel in the form of nickel sulfate 
100 g/1 of citric acid 
3 g/1 of pyridine-3-sulf onic acid, 
25 adjusted to pH 4.2 with potassium hydroxide, 

on pre-nickel-coated sheets with the dimensions 25 x 40 mm 
(trial conditions: 1 litre glass beaker, platinised 
titanium anode, bath agitated at 200 rpm using a 60 mm 
magnetic stirring rod, goods moved at 5 cm/s) . The 
30 cathodic current efficiency at 3 A/dm 2 is 52 % and the rate 
of deposition is 1.0 um/min. 
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By adding 0.5 g/1 of decyl sulfate, the maximum current 
density which can be used is increased to more than 
7 A/dm 2 . At 7 A/dm 2 the current efficiency is still 26 %, 
the deposition performance increases to 1.18 um/mirK This 
5 corresponds to increasing the rate by 18 %. 

Example 3 : 

A maximum current density of 5 A/dm 2 is achieved in a 
gold/iron electrolyte containing 

10 g/1 of gold in the form of potassium gold (I) 
10 cyanide 

0.05 g of iron as iron (III) citrate 
100 g/1 of citric acid 

3 g/1 of pyridine-3-sulf onic acid, 
adjusted to pH 4 .2 with potassium hydroxide, 

15 on sheets with the dimensions 25 x 40 mm (for conditions, 
see example 2) . The cathodic current efficiency is 31 % 
and the rate of deposition is 1.0 nm/min. 

By adding 4 g/1 of hexyl sulfate the maximum current 
density which can be used is increased to more than 
20 6 A/dm 2 . At 6 A/dm 2 the current efficiency is still 30 %; 
the deposition performance increases to 1.16 um/min. This 
corresponds to increasing the rate by 16 %. 



Example 4 : 

25 A working range of up to 5 A/dm 2 is produced in a coating 
cell with a cell current of 2 A in a gold/cobalt 
electrolyte containing 

10 g/1 of gold in the form of potassium gold (I) 
cyanide 

30 0.5 g of cobalt as cobalt sulfate 

100 g/1 of citric acid 
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1 g/1 3- (3-pyridyl) -acrylic acid, 
adjusted to pH 4.2 with potassium hydroxide, 

(trial conditions: platinised titanium anode, temperature 
50°C, time 2 min, agitated at 500 rpm with a 25 mm ~ 
magnetic stirring rod) . The current efficiency at 5 A/dm 2 
is 26 %; the rate of deposition is 0.83 um/min. 

By adding 1.5 g/1 of octyl sulfate the maximum current 
density which can be used is increased to more than 
8 A/dm 2 . At 8 A/dm 2 the current efficiency is still 19 %; 
the deposition performance increases to 1.0 um/min. 



Example 5 : 

In the gold/cobalt electrolyte from example 1, the maximum 
current density which can be used is increased to more 
than 5 A/dm 2 by adding 1 g/1 of hexyl sulfonate. At 5 A/dm 2 
the current efficiency is 35.1 %, the deposition 
performance is increased to 1.13 um/min. This corresponds 
to increasing the rate by 15 %. 



Example 6 : 

In the gold/cobalt electrolyte from example 1, the maximum 
current density which can be used is increased to more 
than 7 A/dm 2 by adding 1 g/1 of octyl sulfonate At 7 A/dm 2 
the current efficiency is 26.2 %, the deposition 
performance increases to 1.18 um/min. This corresponds to 
increasing the rate by 20 %. 



Example 7 : Comparison example 

In a gold/cobalt electrolyte (see example 1) consisting of 
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10 g/1 of gold in the form of potassium gold (I) 
cyanide 

0.5 g of cobalt as cobalt sulfate 
100 g/1 of citric acid, 
5 adjusted to pH 4.2 with potassium hydroxide, 

and using the trial conditions in example 1, the effect on 
the working range and the rate of deposition was 
determined when adding only octyl sulfate, only pyridine- 
3-sulfonic acid and both substances together as a gloss 
10 additive. The results are given in table 1. 

The combination of the two substances greatly extends the 
working range and causes a considerable increase in the 
rate of deposition. 



Table 1: 



Octyl 
sulfate 


Pyridine-3- 
sulfonic acid 


Working range 
(gloss) up to 


Rate of 
deposition 






2 A/dm 2 


0.63 yim/min 


2 g/1 




2 A/dm 2 


0.65 um/min 




3 g/1 


3 A/dm 2 


0.98 um/min 


2 g/1 


3 g/1 


5 A/dm 2 


1 . 12 pm/min 



15 
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An acid bath for the electrodeposition of glossy gold and 
gold alloy layers and a gloss additive for same 



Claims : 



1. An acid bath for the electrodeposition of glossy gold 
and gold alloy layers, containing gold and optionally 
one or more alloy elements in dissolved form and also 
at least one organic compound as a gloss additive, 

10 characterised in that, 

the bath contains, as a further gloss additive, at 
least one compound of the general formula 

R - SO m -H (I) 

in which 

15 m is the number 3 or 4 

R represents a straight-chain or branched or 
cyclic alkyl group with up to 20 carbon 
atoms and, in the event that m = 4, also an 
aryl or heteroaryl group with up to 10 
20 carbon atoms, which may be optionally 

substituted once or several times with 
straight-chain or branched alkyl groups with 
1 to 14 carbon atoms. 

2. An electrodeposition bath according to Claim 1, 
25 characterised in that, 

it contains, as a further gloss additive, at least one 
compound of the formula I in which R is a straight- 
chain or branched alkyl group with 5 to 12 carbon 
atoms, preferably a branched alkyl group with 6 to 10 
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carbon atoms . 

3. An electrodeposition bath according to Claim 1 or 2, 
characterised in that, 

it contains, as a further gloss additive, the 
compounds pentyl sulfonate, hexyl sulfonate, heptyl 
sulfonate, octyl sulfonate, nonyl sulfonate, decyl 
sulfonate, dodecyl sulfonate, cyclohexyl sulfonate, 
pentyl sulfate, hexyl sulfate, heptyl sulfate, octyl 
sulfate, nonyl sulfate, decyl sulfate, dodecyl 
sulfate, cyclohexyl sulfate or their isomers. 

4. An electrodeposition bath according to Claims 1 to 3, 
characterised in that, 

it contains 0.01 to 10 g/1, preferably 0.1 to 5 g/1, 
of a compound of the formula I . 

5. Use of compounds of the general formula 

R - SO m -H (I) 

in which 

m is the number 3 or 4 and 

R represents a straight-chain or branched or 

cyclic alkyl group with up to 20 carbon 
atoms and, in the event that m = 4, also an 
aryl or heteroaryl group with up to 10 
carbon atoms, which may be optionally 
substituted once or several times with 
straight-chain or branched alkyl groups with 
1 to 14 carbon atoms. 

as further gloss additives in acid baths for the 
electrodeposition of glossy gold and gold alloy layers 
containing gold and optionally one or more alloy 
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elements in the dissolved form and also at least one 
organic compound as a gloss additive. 

6. A process for the elect rodeposition of glossy gold and 
gold alloy layers, 
characte r i sed in that, 

deposition takes place from a bath in accordance with 
Claims 1 to 4 at a pH in the range 3 to 6, preferably 
4 to 5. 
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An acid bath for the electrodeposition of glossy gold and 
gold alloy layers and a gloss additive for same 

Abstract: 

5 The invention provides an acid bath for the 

electrodeposition of glossy gold and gold alloy layers and 
a gloss additive for same. 

By using compounds of the formula I 

R - SO m -H (I) 

10 in which 

m is the number 3 or 4 and 

R represents a straight-chain or branched or 

cyclic alkyl group with up to 20 carbon 
atoms and, in the event that m = 4, also an 
15 aryl or heteroaryl group with up to 10 

carbon atoms, which may be optionally 
substituted once or several times with 
straight-chain or branched alkyl groups with 
1 to 14 carbon atoms, 

20 as a further gloss additive, the current density/working 

range is extended with a small negative effect when the pH 
is changed and the current efficiency and deposition 
performance is increased. 
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entitled 

An Acid Bath for the Electrodeposition of Glossy Gold and Gold Alloy Layers and 
a Gloss Additive for Same 



UNITED STATES 
Patents and Design Patents 
Sole & Joint Inventors 
Convention & Non-convention 
PCT&Non-PCT 
This form cannot be amended, altered 
or changed after it is signed. 
(For use only for inventors who 
(if understand the English language.) 



(check one) □ is attached hereto. 

■ was filed as U.S. Application No._ 
was amended on 



_ and (if applicable) 



■ was filed as PCT International Application No. PCT/EP00/03993 on_ 
was amended under PCT Article 34 on _. 



v4. 2000 and (if applicable) 



I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by any amendment referred to above. 
I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, §1 19(a)-(d) or §365(b) of any foreign and PCT application(s) for patent or inventor's 
certificate, or §365(a) of any PCT international application which designated at least one country other than the United States of America listed in this Declaration. 
I have also identified below any foreign application for patent or inventor's certificate or PCT international application having a filing date before that of the 



Foreign/PCT Application No. 


Country 


Filing Date 


Priority Claimed? (yes/no) 


499 27 642 0 
-too 07 325.5 


Germany 
Germany 


June 17, 1999 
February 17, 2000 


Yes 
Yes 



i :: hjreby claim the benefit under Title 35, United States Code, §120 or §365(c) of any United States application and PCT international application designating the 
Ujjited States of America listed in this Declaration and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States 
ajjilication or PCT international application in the manner provided by the first paragraph of Title 35, United States Code, §112, 1 acknowledge the duty to disclose 
aformation which is material to patentability as defined in Title 37, Code of Federal Regulations, § 1 .56 which became available between the filing date of the prior 



'^©.S. Application No. 


Filing Date 


Status (patented/pending/abandoned?) 








H&reby claim priority benefits under Title 35 United State s Code §1 19(e) of any U 


S. provisional application(s) listed below: 


UTU.S. Provisional Application No. 


Filing Date 




□ 





I hereby appoint the following attorneys to prosecute this application and to transact all business in the Patent and Trademark Office connected therewith: Robert G. 
Weilacher (20,531) , Herbert M. Hanegan (25,682 ), Dale Lischer (2 8,438), Frederick F. Calvetti ( 28,557), J. Rodgers Lunsford, III (29,405), Michael A. Makuch 
(32,263), Dennis C. Rodgers (32,936), MaryXfttontebello (33.021), Michael K. Carrier (4 2.391), Er ic J. Hanson (44,738), PatrickTCISelaney (45,338) Brandon S. 
Boss7 46.5671. and Brett L. NeisraT<3jU19Y " ' " " 

Send all correspondence to: SMIJjjjGAM BRELL & RUS SELL, LLP, 1 850 M .SjgfitJOSL f Suite 800),Washington. D.C. 20036. All facsimiles may be sent to (202) 
263-4329. Direct all phone calls to (202) 659-2811. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to 

be true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or 

both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the application or any patent issued 

thereon. 



Full name of sole or first inventor: Uwe_Manz_ 
Residence (city, state, country): D-73431 Aalenjjermany 
Post office address: Egerlandstrasse 17, D-73431 Aalen, Germany 



Signature: _ 



ss: Egerlandsl 



Full name of second joint inventor, if any: Klaus B ronder 
Residence (city, state, country): D-7352 5 S chwabisch Gmiind , Germany 
Post office address : Xy Irn Fuggerle2^^73525 Schwabisch Gmiind, Germany 



Signature: 



Citizenship: Germany 



Citizenship: Germany 
Date: 



